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Computerized  Dynamic  Posturography 


Summary 

•  This  assessment  was  undertaken  at  the  request  of  a  Regional  Health  Authority  to 
provide  input  into  a  funding  decision  on  a  computerized  dynamic  posturography 
(CDP)  system  for  use  by  a  rehabilitation  department. 

•  Standing  balance  is  a  variable  most  frequently  assessed  by  the  rehabilitation 
community  in  patients  experiencing  symptoms  of  dizziness  and  balance  disorders. 
CDP  provides  a  quantitative  assessment  of  aspects  of  dynamic  balance  and  has  been 
used  to  design  and  monitor  rehabilitation  programs  for  patients  with  vestibular 
disorders  and  other  neurological  deficits. 

•  The  newest  CDP  system  by  NeuroCom  International  Incorporated  is  an  example  of 
current  technology.  It  combines  the  EquiTest®  and  SMART  Balance  Master®  and  is 
listed  at  a  base  price  of  $138,500.  This  system  allows  for  quantitative  evaluation  of 
the  integration  of  three  sensory  inputs  (vision,  proprioception  and  vestibular)  and 
motor  control  balance. 

•  Studies  evaluating  the  reliability  and  validity  of  systems  which  measure  dynamic 
balance  in  patients  with  vestibular  and/or  balance  deficits  associated  with  stroke, 
brain  injury  or  amputation  were  considered.  Few  studies  have  been  conducted  to 
establish  the  reliability  of  performance  scores  derived  from  CDP. 

•  The  focus  in  rehabilitation  is  on  monitoring  a  change  in  an  individual  patient  over  the 
course  of  a  treatment.  Hence  the  reliability  and  validity  of  CDP  must  be  established 
for  the  specific  patient  population  of  interest.  Further  research  is  required  not  only  to 
determine  reliability  and  validity  but  also  to  establish  a  relationship  between  the 
measurements  of  CDP  and  measures  related  to  the  patient's  quality  of  life  and 
functional  abilities. 

•  No  controlled  studies  were  found  that  considered  the  efficacy  or  effectiveness  of 
using  CDP  in  a  rehabilitation  setting  for  the  assessment  and  monitoring  of  patients 
with  vestibular  and/or  balance  deficits.  The  strength  of  the  evidence  of  CDP  efficacy 
ranges  from  fair  to  poor. 

•  CDP  has  not  been  used  for  patients  who  have  experienced  an  amputation.  No  studies 
were  located  that  employed  CDP  in  the  rehabilitation  of  patients  with  brain  injury. 
Most  studies  which  specifically  focused  on  determining  the  efficacy  or  effectiveness 
of  CDP  as  an  assessment  and  treatment  monitoring  tool  were  of  weak  design. 

•  CDP  is  not  an  established  technology  in  the  rehabilitation  of  vestibular  and/or 
balanced  deficits  associated  with  stroke,  brain  injury  and  amputation. 
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Within  the  context  of  the  Alberta  health  care  system 

•  CDP  should  be  regarded  as  developmental.  Any  utilization  should  be  linked  to  well- 
defined  data  collection  protocols,  which  include  functional  and  clinical  outcome 
measurements,  and  appropriate  patient  selection  criteria. 

•  Before  any  use,  in  clinical  applications  or  research,  reliability  and  validity  must  be 
addressed  for  the  specific  patient  group. 
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Introduction 

This  assessment  was  undertaken  at  the  request  of  a  Regional  Health  Authority  to  provide 
input  into  a  funding  decision  on  a  computerized  dynamic  posturography  (CDP)  system 
for  use  by  a  rehabilitation  department.  The  focus  of  this  study  was  restricted  to  the 
clinical  use  of  CDP  by  the  rehabilitation  community.  Applications  considered  were 
evaluation  and  monitoring  of  balance,  and  balance  treatment  or  retraining  of  patients  with 
vestibular  disorders,  or  balance  deficits,  associated  with  stroke,  brain  injury  or 
amputation. 

Standing  balance  is  a  variable  most  frequently  assessed  within  rehabilitation  (10). 
Adequate  balance  is  necessary  for  controlled  mobility  and  most  activities  of  daily  living. 

Balance,  defined  in  its  broadest  sense,  "involves  the  capability  to  control  upright  posture 
under  a  variety  of  conditions  and  the  ability  of  an  individual  to  sense  his  or  her 
limitations  of  stability"  (3).  Introduction  of  equipment  capable  of  objectively  measuring 
and  treating  balance  disorders  is  desirable  in  a  rehabilitation  setting.  There  are  several 
tests  of  standing  balance  which  are  applied  widely  to  patients  suspected  of  having  balance 
deficits  of  various  etiologies. 

Balance  disorders  may  be  vestibular  or  nonvestibular  in  nature.  Vestibular  disorders 
include  unilateral  vestibular  hypofunction,  bilateral  vestibular  hypofunction  (most  often 
the  result  of  ototoxicity),  central  vestibular  dysfunction  (which  may  be  the  result  of 
cerebral  concussion)  and  mixed  vestibular  dysfunction  (16).  Non- vestibular  disorders  that 
can  cause  or  result  in  balance  disorders  include  a  variety  of  anxiety  and 
psychological/psychiatric  disorders,  proprioceptive/somatosensory  deficits,  central 
lesions  that  are  non- vestibular  in  nature  and  a  variety  of  orthopedic  problems  (17), 
(Shepard,  personal  communication). 

This  assessment  considers  rehabilitation  of  patients  with  balance  and  postural  control 
deficits  associated  with  stroke  aad  orthopedic  problems  which  are  usually  non- vestibular 
in  nature.  It  also  focuses  on  patients  with  balance  disorders  associated  with  brain  injury 
which  may  be  related  to  central  vestibular  problems.  The  assessment  and  treatment  of 
symptoms  in  these  two  groups  of  patients  by  rehabilitation  professionals  may  vary. 

A  literature  search  (see  Appendix  A  for  methodology)  was  conducted  concentrating  on 
finding  evidence  of  efficacy  and/or  effectiveness  of  CDP  in  providing  quantitative 
information  which  may  assist  rehabilitation  therapists  in  the  assessment  and  treatment  of 
patients  with  balance  disorders.  The  literature  review  was  supplemented  by  a  contacting 
Canadian  and  US  facilities  which  employ  CDP.  Information  sought  from  these  centres  is 
shown  in  Appendix  B. 
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Vestibular  and  balance  rehabilitation 

The  treatment  used  for  vertigo  and  unsteadiness  depends  on  the  cause  of  the  symptoms. 
Most  people  with  balance  disorders  of  a  peripheral  vestibular  nature  undergo  spontaneous 
resolution  of  their  symptoms  (39).  This  is  due  in  part  to  the  self  limiting  nature  of  most  of 
these  conditions  as  well  as  to  the  remarkable  process  of  central  nervous  system  (CNS) 
compensation  (20,37).  Occasionally,  peripheral  vestibular  insults  or  lesions  affecting 
other  portions  of  the  balance  system  (central  vestibular  or  postural  control  system)  may 
cause  persistent  symptoms  of  imbalance  and  dizziness,  thereby  resulting  in  chronic 
disability  (20,39). 

The  treatment  of  patients  with  such  conditions  is  complex.  Treatments  can  include  any 
combination  of  medication  (some  patients  with  Meniere's  disease),  surgery  (patients  with 
perilymphatic  fistulas  and  tumors),  and  /or  vestibular  rehabilitation  therapy  (vestibular 
and  balance  therapy  which  may  include  both  retraining  and  habituation). 

Symptoms  related  to  vertigo,  disequilibrium  and  unsteadiness  are  usually  associated  with 
vestibular  dysfunction  but  other  sites  of  origin  (non  vestibular)  can  manifest  symptoms  of 
a  similar  nature  (35).  It  is  important  to  establish  prior  to  rehabilitation  if  the  symptoms 
resulting  in  a  decrease  of  postural  control  and  balance  are  related  to  functional  deficits 
which  may  be  treatable.  Studies  of  efficacy  or  effectiveness  of  CDP  in  a  clinical 
rehabilitation  setting  most  often  discuss  its  utilization  as  a  component  of  a  vestibular 
rehabilitation  or  balance  retraining  program. 

V estibular  rehabilitation  (VR)  consists  of  an  exercise  program,  designed  by  trained 
therapists,  to  help  a  person  compensate  for  a  loss  of  imbalance  within  the  vestibular 
system.  Patients  who  do  not  demonstrate  a  spontaneous  resolution  of  symptoms  such  as 
dizziness  and  disequilibrium  within  three  to  six  months  of  their  onset  and  whose  medical 
evaluation  reveals  no  evidence  of  a  progressive  process  may  benefit  from  VR 
(20,36,37,40,42).  In  these  patients,  the  CNS  seems  unable  to  adequately  compensate  for 
the  inner  ear  deficit  (40). 

Other  indications  for  the  use  of  VR  are  multifactorial  balance  difficulties  (such  as  seen  in 
the  elderly)  and  optimizing  the  outcome  after  vestibular  surgery  (37,42).  In  patients 
whose  symptoms  occur  in  spontaneous  episodes  only  (for  example  Meniere's  disease) 
VR  may  not  be  beneficial  (37).  The  balance  activities  of  VR  help  people  maximize  the 
use  of  the  remaining  vestibular  function,  their  sight,  and  the  sensation  in  their  feet  to  keep 
their  balance  (2). 

The  utility  and  success  of  VR  appears  to  be  related  to  the  cause  of  the  symptoms.  Only 
30%  of  patients  who  have  symptoms  due  to  head  injur\'  will  show  improvement  with 
VR,  compared  with  90%  of  patients  ^\ithout  head  injury  and  whose  symptoms  occur  only 
with  rapid  head  movement  (42). 
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The  role  of  CDP  systems  in  VR  are  quantitative  assessment  of  balance  impairment  and 
the  designing  and  monitoring  of  rehabilitation  programs.  The  assessment  tools  available 
in  the  rehabilitation  environment  to  evaluate  standing  balance  after  stroke  are  outlined  by 
Collen  (8).  These  have  been  categorized  into  3  main  groups  depending  on  the 
sophistication  of  the  tests  and  what  they  are  measuring: 

1)  Global,  clinical  measures  of  balance  dysfunction  used  primarily  to  guide  therapy  and 
to  evaluate  therapeutic  outcomes.  This  category  of  measurements  has  been  separated 
into  three  groups  -  timed  balance  tests  (eg.  Romberg  test),  rating  scales  (eg.  Bohannon 
Balance  Scale)  and  functional  tests  (eg.  Get  Up  and  Go). 

2)  Simple  qualitative  tests  of  static  postural  instability,  used  where  intermediate  levels  of 
information  suffice.  This  category  includes  the  pedobarograph  and  the  Nottingham 
Balance  Platform. 

3)  Sophisticated  instrumented  perturbation  techniques  used  to  assess  differential 
diagnoses  or  to  evaluate  more  specific  therapeutic  intervention.  This  category  is 
subdivided  into  three  groups  -  systems  that  move  the  base  of  support,  systems  that 
move  the  centre  of  mass  relative  to  the  base  of  support  and  systems  that  measure 
where  the  centre  of  mass  is  relative  to  the  base  of  support  (eg.  Balance  Master®). 

Dynamic  posturography  systems  belong  to  the  third  category,  which  measure  the  ability 
to  shift  the  centre  of  pressure  or  mass  within  the  base  of  support  and  towards  the 
perimeter  (dynamic  balance). 

Description  of  posturography  systems 

The  postural  control  system  consists  of  three  basic  functional  components:  the 
musculoskeletal  system,  motor  coordination  and  sensory  organization.  The  sensory 
processes  are  important  for  orientation  and  balance  control  (1  l,38).There  are  three 
distinct  sensory  systems:  vision,  proprioception  (gravity  and  stretch  sensors  foimd  in 
muscles  and  joints),  and  the  vestibular  system  (organs  in  the  inner  ear  which  detect 
angular  and  linear  acceleration). 

To  evaluate  the  balance  system  and  its  ability  to  maintain  postural  control,  an 
examination  of  the  integration  of  the  three  sensory  inputs  and  their  ability  to  handle 
sensory  conflict  is  needed  (34).  Instability  can  result  from  inappropriate  interaction 
among  the  three  sensory  inputs.  Balance  control  depends  upon  the  ability  to  adaptively 
modify  the  relative  weighting  of  each  sensory  modality  according  to  the  contextual 
environment. 

Clinical  testing  of  the  sensory  inputs  for  balance  control  began  with  Romberg's 
demonstration  of  postural  instability  (patients  stand  quietly  with  eyes  open  and  then  with 
eyes  closed).  Romberg  demonstrated  that  subjects  with  somatosensory  deficits  became 
destabilized  when  only  vestibular  input  was  available.  Subsequently,  various 
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investigators  have  quantified  body  sway  and  other  variables  that  reflect  maintenance  of 
balance  during  the  Romberg  test  (28).  Quantitative  measurements  rather  than  subjective 
assessments  of  balance  and  postural  control  have  been  made  possible  through  the  advent 
of  forceplate  technology.  A  forceplate  may  be  static  or  dynamic. 

Static  platforms  are  equipped  with  strain  gauges  used  to  record  the  minute  swaying  of  the 
body  that  is  too  fine  to  see  with  the  naked  eye.  Use  of  static  platforms  involves  a  timed 
stance  v^th  eyes  open  and  closed  (Romberg's  test),  on  a  fixed  force  plate  which  senses 
vertical  and  in  some  cases  horizontal  (shear)  force  exerted  by  the  feet  on  the  ground 
during  an  upright  stance  (31).  The  forces  are  monitored  and  data  are  stored  in  a  computer. 
Analysis  usually  includes  a  computation  of  the  projection  of  the  centre  of  force  upon  the 
horizontal  plate  as  a  function  of  time.  Data  on  the  position  of  the  centre  of  force  versus 
time  can  be  used  to  compute  the  amplitude,  speed,  or  frequency  power  spectrum  of  sway. 
The  results  are  compared  with  the  performance  of  normal  individuals. 

Moveable  platforms  can  either  move  in  the  horizontal  plane  (translate)  or  rotate  out  of  the 
horizontal  plane,  pitching  the  individual  forward  or  backv-'ard  (8).  In  addition  to  the 
computer-controlled  moveable  platform,  a  moveable  visual  surround  may  be  employed. 
The  platform  or  visual  surround,  or  both,  move  in  response  to  the  patient's  forward  and 
backward  sway,  creating  a  disturbed  proprioceptive  and/or  visual  input  to  the  brain.  A 
computer  analyzes  the  centre  of  force  versus  time  responses  (44). 

Monsell  and  colleagues  (29)  outlined  the  general  characteristics  that  would  qualify  a 
device  as  a  CDP  system.  The  device  must  be  capable  of  measuring  postural  sway, 
perturbing  the  body's  centre  of  mass,  isolating  visual  and  somatosensory  inputs  and 
quantification  and  signal  analysis.  Therefore,  the  use  of  a  static  forceplate  employing 
some  method  for  disturbing  a  patient's  postural  stability  and  quantification  of  the  signal 
would  qualify  it  as  a  CDP  system.  Methods  for  perturbing  the  body's  centre  of  mass 
while  using  a  static  platform  include  vibratory  stimulus  applied  to  the  calf  region, 
galvanic  stimulus  of  the  vestibular  system  and  head  mounted  air  jets  (38). 

Follovmig  the  definition  of  CDP  by  Monsell  and  colleagues  (29),  this  assessment 
includes  consideration  of  systems  with  both  static  (Balance  Master®)  and  dynamic 
(SMART,  PRO  Balance  Master®,  Chattecx®  Balance  System,  EquiTest®)  force 
platforms  with  self  initiated  and  external  perturbations. 

NeuroCom  International  Incorporated  markets  the  EquiTest®,  PRO  Balance  Master®, 
SMART  Balance  Master®  and  Balance  Master®.  The  Balance  Master®  allows  objective 
patient  assessment  and  interactive  training  by  self  initiated  perturbations.  Both  the 
SMART  Balance  Master®and  the  PRO  Balance  Master®  offer  assessment  and  training 
of  the  use  of  sensory  inputs  to  balance  control,  in  addition  to  the  centre  of  gravity  control 
training.  The  EquiTest®  offers  specific  assessments  of  the  sensor}-  organization  and 
motor  control  of  balance.  The  newest  system  available  combines  both  the  EquiTest®  and 
SMART  Balance  Master®  systems  and  is  listed  at  a  base  price  of  $138,500. 
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Most  of  the  studies  included  in  this  assessment  used  the  EquiTest®  system.  This  system 
became  commercially  available  in  the  United  States  in  1985.  It  includes  both  the 
evaluation  of  coordinated  reflex  motor  responses  after  abrupt  platform  perturbations  and 
the  assessment  of  sensory  organization  for  control  of  balance.  The  motor  control  test 
analyses  the  properties  of  the  patient's  automatic  postural  reactions  to  external 
challenges.  The  sensory  organization  component  isolates  each  of  the  principal  balance 
senses  (vision,  vestibular  and  somatosensory)  and  determines  the  function  of  each  in 
isolation  as  well  as  during  interactions  (23). 

During  the  movement  coordination  or  motor  control  test,  the  centre  of  mass  perturbations 
are  created  through  abrupt  anterior  or  posterior  (A/P)  horizontal  translations  of  the 
support.  The  translations  are  delivered  in  three  increasing  intensities  in  both  directions. 
These  may  be  followed  by  unexpected  rotations  about  the  ankles  and  five  randomly  timed 
toes  up  or  toes  down  rotations.  The  latency  to  onset  of  active  recovery  from  the 
unexpected  perturbations  is  the  primary  output  parameter  measured  (3 8). This  test  is  used 
less  for  functional  evaluation  than  the  sensory  organization  tests  (SOTs).  The  SOTs 
provide  information  on  which  input  system  cues  that  the  patient  is  unable  to  utilize  for 
maintainmg  postural  control  while  performing  a  specific  task  (38). 

The  SOTs  involve  six  stance  conditions,  the  first  two  being  Romberg's  test.  The 
remaining  four  involve  instantaneous  displacements  of  the  platform  or  surrounding  visual 
environment  or  both,  simultaneously  with  body  sway.  The  "sway-referenced"  conditions 
that  distort  visual  and  somatosensory  inputs  increase  the  patient's  use  of  vestibular  inputs 
for  balance  (8).  The  variable  that  is  quantified  is  the  maximum  peak  to  peak  sway.  This  is 
calculated  as  a  percentage  of  the  maximum  peak  to  peak  sway  movement  in  the  sagittal 
(anterior/posterior)  plane  compared  to  a  theoretical  limit  of  sway.  The  equilibrium  score 
is  expressed  as  a  percentage  and  represents  the  magnitude  of  sway  in  the  sagittal  plane  for 
each  trial  of  each  test  condition  and  is  based  on  a  normal  value  of  12.5*^  of 
anterior/posterior  sway  about  the  ankle  joint  (38). 

Some  researchers  have  classified  patients  according  to  the  pattern  of  abnormal  stance 
time  during  the  six  sensory  conditions  (5,36,38).  Patient  performance  is  compared  with 
norms  established  by  the  manufacturer  together  with  multiple  independent  centres, 
primarily  academic  in  nature  (38). 

CD?  provides  quantitative  assessment  of  certain  functional  aspects  of  dynamic 
equilibrium  and  as  such  it  is  used  to  design  and  monitor  rehabilitation  programs  for 
patients  with  vestibular  disorders  and  other  neurological  deficits  (11).  Abnormalities 
identified  by  CDF  may  be  interpreted  to  mean  that  the  balance  disorder  is  caused  by 
either  biomechanical  or  neurological  conditions  (29). 
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Reliability  and  validity  of  dynamic  posturography  systems 

As  a  first  level  of  assessment  of  DP  systems  as  a  tool  for  rehabilitation,  it  is  useful  to 
consider  the  reliability  and  validity  of  the  measurements  obtained.  Reliability  may  be 
defined  as  the  consistency,  the  reproducibility  and  the  repeatability  of  the  measurement 
procedure  (32).  This  means,  any  variation  in  measurement  reflects  variation  in  the 
variable  being  measured.  There  will  also  be  systematic  or  random  fluctuations  due  to 
errors  of  measurement.  Validity  refers  to  the  measurement  system's  ability  to  actually 
measure  what  it  is  supposed  to  measure  (32). 

Usually  in  rehabilitation,  the  focus  is  on  monitoring  a  change  in  an  individual  patient 
during  treatment  rather  than  differentiating  among  patients  (33).  Therefore,  the  concern  is 
more  with  the  reliability  of  the  individual  measurement  results.  Most  of  the  studies 
located  concentrate  on  the  reliability  of  data  provided  by  the  measurement  system. 

Reliability  is  most  firequently  assessed  by  a  coefficient  such  as  a  Pearson  Product 
Moment  Correlation  Coefficient  or  an  Intraclass  Correlation  Coefficient  (ICC).  ICC  may 
be  defined  as  a  ratio  of  the  variance  of  interest  over  total  variance.  Usually  values  below 
ICC  0.60  mean  that  the  measurement  is  of  questionable  reliability  (32).  Only  one  study 
(6),  used  another  approach  to  assess  reliability,  the  generalizability  theory.  The 
generalizability  theory  is  used  to  estimate  the  magnitude  of  multiple  sources  of 
measurement  error  and  to  assess  reliability  of  measurements  for  specific  applications  of 
the  measurements  (33). 

Since  this  technology  is  being  considered  for  use  in  a  rehabilitation  setting,  the  aspects  of 
validity  and  reliability  are  of  prime  importance.  Furthermore,  CDP  measurements  need  to 
be  linked  to  functional,  clinical,  outcomes  indicators  which  are  of  relevance  to  the  patient. 
Unfortunately  few  studies  have  been  conducted  to  establish  the  reliability  of  the 
performance  scores  derived  from  computerized  posturography  (6,15.  However, 
manufacturers  have  reported  high  intra  trial  reliability  of  measurements  in  control 
subjects  (15). 

Nine  studies  in  which  the  researchers  attempt  to  validate  dynamic  posturography  for  the 
treatment  and  management  of  patients  with  postural  and  balance  disorders  are  detailed  in 
Table  1 .  Several  different  posturography  systems  are  evaluated  including  two 
assessments  utilizing  a  static  platform  while  employing  tests  of  dynamic  balance  (4,26). 

Two  studies  assessed  the  reliability  and  validity  of  the  EquiTest®  system  (15,46). 
Verthem  and  colleagues  (46)  studied  a  group  of  patients  diagnosed  with  polyneuropathy. 
A  correlation  between  clinical  scores  (disability  and  ataxia)  and  muscle  response  latencies 
for  forward  perturbations,  and  the  EquiTest®  system's  conditions  2,  5  and  6.  Intraclass 
correlation  coefficients  ranged  fi-om  poor  to  good  using  the  interpretive  scale  mentioned 
by  Ford-Smith  and  colleagues  (15)  in  their  study. 
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In  independently  living  elderly  adults,  the  SOTs  of  the  EquiTest®  system  showed  poor  to 
good  reliability  across  all  6  sensory  conditions  (15).  Ford-Smith  and  colleagues 
(15)suggested  that  the  Equitest's  SOT  protocol  would  be  more  statistically  reliable  if 
subjects  were  given  a  score  for  their  effort  to  remain  standing  on  a  given  trial  even  though 
they  might  fall  during  the  trial.  With  the  current  scoring  system,  the  SOT  does  not 
differentiate  between  those  subjects  who  show  a  high  amplitude  A/P  sway  from  those 
who  are  able  to  stand  at  the  end  of  their  limits  of  stability  (LOS)  until  the  last  few 
seconds  of  the  trial. 

Liston  and  Brouwer  (26)  focused  their  study  on  determining  the  test-retest  reliability  and 
validity  of  data  obtained  from  stroke  patients  using  the  Balance  Master®  (BM).  Using  the 
Berg  Balance  Scale  and  gait  velocity  as  standards,  the  concurrent  validity  of  the  BM  data 
was  determined.  The  authors  reported  that  only  the  BM  test  requiring  subjects  to  shift 
their  centre  of  gravity(COG)  to  randomly  highlighted  targets  was  reliable,  in  terms  of 
movement  and  movement  time.  The  concurrent  validity  was  established  for  the  dynamic 
measures  of  balance.  These  correlated  with  both  the  Berg  Balance  Scale  and  gait  velocity 
outcomes. 

In  a  recent  study  (4)  using  the  Balance  Master®  in  healthy,  young  subjects,  Brouwer  and 
colleagues  examined  the  reliability  of  the  static  and  dynamic  measures  of  balance,  the 
maximal  limits  of  COG  excursion  (100%  LOS)  and  the  position  of  the  COG  relative  to 
vertical  during  quiet  stance.  In  this  population,  the  reliability  of  static  and  dynamic 
measures  of  postural  stability  and  balance  performance  was  fair  to  good.  One  of  the  main 
conclusions  of  this  study  is  the  importance  of  basing  balance  performance  on  actual  COG 
position  and  excursion,  rather  than  using  standard  norms. 

Clark  and  colleagues  (6)  took  reliability  testing  of  the  PRO  Balance  Master®  one  step 
further  by  trying  to  establish  the  reliability  of  the  limits  of  stability  test  and  to  determine 
the  relative  variance  contributions  from  identified  sources  of  measurement  error.  They 
note  that  the  sources  of  measurement  error  associated  with  the  various  test  protocols  have 
not  been  adequately  identified.  Knowledge  of  the  sources  of  error  and  their  contribution 
to  total  error  measurement  would  enhance  the  practical  application  of  studies  that  have 
examined  test-retest  reliability. 

Reliability  was  estimated  by  Clark  et  al.  using  the  generalizability  theory  as  opposed  to 
intraclass  correlation  analysis.  This  model  allows  for  the  major  sources  of  error  to  be 
isolated  as  well  as  estimating  the  magnitude  of  multiple  sources  of  measurement  error. 
They  concluded  that  the  75%  and  100%  limits  of  stability  tests,  using  the  PRO  Balance 
Master®,  are  reliable  tests  of  dynamic  balance  when  administered  to  healthy  older  adults. 
Reliability  tests  are  currently  being  conducted  on  a  variety  of  patient  populations,  one  of 
which  is  hemiparetic  patients. 

Four  studies  assessed  the  reliability  and  validity  of  the  Chattecx®  Balance  System.  Three 
of  these  (10,14,25)assessed  the  validity  and  reliability  in  patients  with  hemiparesis.  A 
number  of  differences  among  these  three  studies  may  account  for  some  of  the  variances 
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in  reported  results.  Differences  included  the  time  period  (10  or  25  seconds)  each  test  was 
used,  operation  of  the  system  at  50%  of  its  capacity,  the  of  use  different  types  of  control 
groups  and  tests  being  conducted  with  either  eyes  open  or  closed  or  both  conditions. 

Collen  (8)  noted  in  her  review  of  existing  measurements  of  balance  and  postural  control 
that  further  research  should  be  focused  on  establishing  validity  and  reliability  rather  than 
designing  new  measures.  Measurements  need  to  separate  the  postural  problem  into  its 
basic  functional  components  for  interventions  of  balance  disorders  to  be  specific  and 
effective. 

Ideal  clinical  measurements  for  the  assessment  of  postural  control  are  defined  by  Collen 
as  "measures  that  reflect  both  the  functional  abilities  and  quality  of  movements  of  the 
postural  control  system;  measures  that  are  both  sensitive  and  selective  for  postural  control 
deficits;  measures  that  are  reliable  and  valid;  measures  that  are  sensible  and  practical  in  a 
clinical  setting;  and  measures  that  are  easily  communicable."  Moreover,  she  states,  "an 
awareness  is  required  that  postural  control  may  depend  on  age  and  existing  pathology,  as 
well  as  environment  and  behavioural  contexts  in  which  the  balancing  activity  is 
performed. " 

Evidence  of  efficacy 

Higher  levels  of  assessment  of  CDP  as  a  tool  in  rehabilitation  concern  evidence  of  its 
effect  in  influencing  management  decisions  and  patient  outcomes. 

To  determine  efficacy  and  effectiveness  of  CDP  in  a  rehabilitation  setting  for  patients 
with  balance  deficits  associated  with  stroke,  brain  injury  and  amputation,  most  studies 
located  used  CDP  within  a  vestibular  and  balance  rehabilitation  program.  The  dynamic 
posturography  system  used  most  frequently  throughout  these  studies  was  the  EquiTest®, 
mainly  the  six  tests  of  sensory  organization. 

No  controlled  studies  were  found  that  looked  at  the  efficacy  or  effectiveness  of  using 
dynamic  posturography  in  a  rehabilitation  setting  for  the  assessment  and  monitoring  of 
patients  with  balance  disorders. 

Table  2  outlines  eleven  clinical  studies.  In  these  studies  dynamic  posturography 
measurements  were  used  as  an  integral  part  of  a  rehabilitation  program.  Use  included 
criterion  to  determine  candidacy,  patient  classification,  quantification  of  postural  control 
and  assessment  of  treatment  effect.  Most  of  these  studies  were  prospective  observational 
(pretest  and  post  test)  comparisons  which  investigated  the  effect  of  VR  in  samples  of 
usually  less  than  50  individuals. 

The  largest  observational  study  of  152  patients  was  conducted  by  Shepard  and  colleagues 
(36,39).  All  the  patients  were  grouped  together  with  the  majority,  58%,  having  a 
diagnosis  of  unilateral  peripheral  disease.  In  82  patients  (54%)  comparison  of  the  pre-  and 
post-therapy  mean  composite  equilibrium  scores  for  the  sensory  organization  portion  of 
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dynamic  posturography,  demonstrated  statistically  significant  improvement.  However, 
the  authors  noted  that  both  the  pre  and  post  scores,  although  significant,  were  near  the 
normal  range  and  may  not  represent  functional  improvement.  It  was  suggested  that  the 
change  in  pre  and  post  therapy  scores  may  be  due  to  a  learning  effect.  Furthermore,  the 
posturography  criterion  for  inclusion  did  not  appear  to  influence  the  prognostic 
indications  from  posturography. 

Herdman  and  colleagues  (19)  reported  on  the  use  of  VR,  employing  the  EquiTest® 
system,  directly  following  vestibular  surgery.  They  noted  a  significant  difference  in  peak 
to  peak  forward/backward  sway  between  normal  subjects  and  the  patients  with  acoustic 
neuroma  on  all  sensory  tests.  They  conclude  that  VR  facilitates  the  rate  of  recovery  as 
indicated  by  improvements  in  test  condition  4.  However,  this  finding  is  based  on  4 
patients  with  an  abnormal  Romberg  in  the  VR  group  who  returned  to  preoperative 
stability  on  discharge  compared  to  5  patients  with  an  abnormal  Romberg  in  the  "control" 
group  (smooth  -pursuit  eye  movements  exercises)  who  did  not. 

The  patients'  assessment  of  disequilibrium  was  also  significantly  reduced  by 
postoperative  day  5  and  6  in  the  VR  group  compared  to  the  control  group.  Herdman  et  al. 
note  that  they  do  not  know  the  functional  significance  of  the  improved  stability  on 
condition  4  and  the  decrease  in  disequilibrium  reported  by  the  patients. 

Magnusson  and  colleagues  (27)  conducted  a  randomized,  prospective  study  on  the  long 
term  effects  of  physio  and  occupational  therapy  (control  group)  compared  to  sensor 
stimulation  (treatment  group)  in  stroke  patients.  They  used  a  forced  platform  to  record 
anteroposterior  and  lateral  sway  velocity  and  dynamics  of  postural  control  (swiftness, 
stiffness  and  damping)  among  the  groups.  They  reported  no  difference  in  sway  velocity 
between  the  stroke  patients  and  normal  age  matched  individuals. 

Only  one  study,  by  Vitte  et  al.  (45)  made  mention  of  the  validity  or  responsiveness  of 
dynamic  posturography.  Patients  were  grouped  by  diagnosis,  and  those  with  unilateral 
labyrinthine  defect  (n=5)  were  compared  to  patients  with  bilateral  (n=5)  labyrinthine 
defect.  A  significant  correlation  between  the  EquiTest®  results  and  the  modification  of 
the  optokinetic  nystagmus  parameters  was  noted.  Optokinetic  stimulation  was  used  to 
rehabilitate  these  two  groups  of  patients  with  balance  disorders. 

Szatum  and  colleagues  (41)  studied  patients  with  chronic  peripheral  vestibular  disorders 
who  were  treated  with  biofeedback  training  sessions.  The  patients  showed  improvement 
for  test  conditions  3  and  4,  and  a  reduction  in  left-right  differences  in  VOR  gain. 
However,  there  was  no  attempt  to  analyze  agreement  or  correlation  between  these  two 
measures. 

El-Kashian  et  al.  (1 1)  compared  the  concurrent  validity  of  the  Clinical  Test  of  Sensory 
Integration  and  Balance  (CTSIB)  to  dynamic  posturography.  Data  for  this  study  were 
collected  on  a  group  of  normal  subjects  and  patients  with  vestibular  disorders.  They 
reported  good  correlation  between  CTSIB  and  CDP  but,  statistically  significant 
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differences  were  identified  between  CDP  and  CTSIB  in  detecting  patterns  of  dysfunction. 
Their  study  also  indicated  statistically  significant  differences  in  composite  equilibrium 
scores,  as  measured  by  CDP,  at  baseline  between  the  two  groups  which  became 
insignificant  post  therapy,  indicating  the  benefit  of  the  rehabilitation  program. 

Quality  of  studies  on  dynamic  posturography 

A  clinical  measure  must  demonstrate  that  it  is  reliable,  valid  and  responsive  (3,24,26).  A 
change  in  score  should  indicate  a  true  change  in  patient  status  and  differences  in  scores 
between  individuals  should  represent  true  diversity  between  patients  and  not  variation 
due  to  random  error.  Knowledge  of  the  various  sources  of  measurement  errors  allows  the 
user  to  control  or  eliminate  the  error  (6).  Also,  when  multiple  items  are  scored  and 
summed,  it  is  advisable  to  assess  how  the  individual  items  relate  to  each  other  and  the 
total  score. 

The  other  desirable  property  of  a  good  clinical  measure  is  responsiveness.  That  is,  the 
ability  to  detect  clinically  meaningful  changes  in  the  status  of  a  patient  (3,12).  In  the 
absence  of  a  gold  standard,  validation  requires  the  use  of  several  strategies  and  multiple 
cross-validation  studies  (3). 

Until  test-retest  reliability  is  established,  the  information  gathered  with  DP  systems  may 
be  negligible  in  determining  the  effectiveness  of  treatment  interventions  or  the  success  of 
rehabilitation  methods  (15).  Determination  of  reliabilit}^  is  complicated  further  as  DP 
seems  to  be  an  evolving  technology.  Clark  et  al.  (6)  noted  that  direct  comparison  of  their 
results  to  other  studies  was  not  possible  because  the  test-retest  reliabilit}^  of  LOS 
movement  variables  are  no  longer  available  in  the  most  recent  balance  master  software. 

It  is  of  importance  that  the  systems  discussed  in  this  assessment  are  not  necessarily 
comparable.  There  was  only  one  study  (11)  which  compared  the  EquiTest®  with  the 
CTSIB  (a  non  instrumented  system  of  measurement).  A  good  correlation  was  found  (ICC 
0.41-0.89)  between  the  scores  of  the  sensory  organization  portion  of  DP  and  the  CTSIB 
technique  in  patients  with  balance  disorders. 

Four  studies  focused  on  determining  the  reliability  and  validity  of  the  BM  (static 
platform)  (26)and  the  Chattecx®  system  (moveable  platform)  (10,14,25),  as  retraining 
tools,  in  patients  with  hemiplegia.  All  studies  presented  intraclass  correlation  coefficients 
but  only  one  study  used  coefficients  of  concordance  to  other  dynamic  measures  of 
balance.  Even  though  the  measurements  of  BM  were  correlated  to  functional  tests  (Berg 
Balance  Scale  and  gait  velocity),  Liston  and  Brouwer  (26)  did  not  include  quahty  of  life 
or  symptom  improvement  indices. 

Liston  and  Brouwer  stated  that  the  predictive  validity  of  the  BM  measures  remain  to  be 
explored.  They  emphasized  that  if  these  measures  are  to  be  used  in  evaluating,  training 
and  monitoring  changes  in  balance  performance,  then  test-retest  reliability  and  validity  of 
data  are  essential. 
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Most  of  the  studies  located  for  this  assessment  used  systems  supplied  by  NeuroCom 
International  Incorporated  and  relied  on  manufacturer's  norms  or  data  from  healthy 
volunteers  for  analysis  and  comparisons.  The  authors  of  two  studies  (4,10)  agreed  that  the 
measurement  systems  test-retest  reliability  for  specific  patient  populations  cannot  be 
inferred  from  studies  of  healthy  populations.  A  recent  study  by  Brouwer  et  al.  (4) 
concluded  that  inter  subject  variation  in  resting  COG  position  and  in  limits  of  stability,  in 
the  healthy  population  under  study,  supported  the  use  of  absolute  performance  measures. 
Therefore,  they  suggest  that  the  interpretive  value  of  data  relative  to  standard  norms  is 
limited. 

Research  design  differences  were  apparent  in  the  studies  summarized  in  Table  2.  Some 
studies,  particularly  the  largest  one  (36),  grouped  their  patients  together  irrespective  of 
their  diagnosis,  while  others  focused  on  a  specific  diagnostic  group  such  as  stroke  (27), 
peripheral  vestibular  disorders  (20)  or  acoustic  neuroma  (19).  Other  noticeable 
differences  among  the  studies  were  the  time  of  symptom  onset  to  intervention  which 
varied  from  2  months  to  multiple  years,  the  number  of  sessions  or  visits  to  a  rehabilitation 
clinic,  outcome  measures  used  as  adjuncts  to  posturography,  the  reporting  of  the  sensory 
organization  portion  of  CDP  measurements  and  the  variations  in  length  of  follow-up. 
Outcome  measures  included  subjective  assessments  by  patients,  changes  in  disability 
status,  posturography  scores,  measures  of  motion  sensitivity  and  changes  in  self  reported 
dizziness. 

There  were  also  variations  in  how  the  measurements  of  CDP  were  utilized  within  the 
studies.  At  times  performance  measures  were  used  to  select  patients  for  rehabilitation,  to 
determine  the  prognostic  value  of  the  treatment,  or  to  measure  the  success  of  the 
intervention,  or  the  system  itself  was  used  for  retraining.  These  multiple  uses  of  the 
system  within  the  studies  adds  to  the  difficulties  of  interpreting  the  effectiveness  of  this 
technology  for  a  specific  indication. 

Few  of  the  studies  addressed  the  relationship  between  vestibular  impairment  or 
compensation  and  the  level  of  dizziness,  balance  disorder,  or  functional  disability  (7). 
Many  CDP  measurements  do  not  relate  to  functional  performance  indicators  such  as  gait 
speed.  Berg  Balance  Scale  or  Get  Up  and  Go  indices  (Brouwer,  personal 
communication).  Jacobson  and  colleagues  (21)  explored  the  relationship  between  results 
of  various  indices  of  balance  function  (CDP  was  one  of  the  indices)  and  the  patient's 
perceived  balance  handicap  (DHI).  This  study  was  not  included  in  Table  2,  since  only  58 
patients  out  of  the  total  sample  of  367  (16%)  underwent  examination  using  the 
EquiTest®. 

The  authors  suggests  that  the  SOT  is  a  valid  criterion  variable  for  evaluating  the 
handicapping  effects  that  balance  disorder  has  on  a  patient's  self  perceived  ability  to 
function  in  daily  life.  SOT  coupled  with  the  scores  obtained  from  the  DHI  could  be  used 
as  outcome  measures  for  documenting  treatment  benefit  when  used  in  a  pretreatment 
protocol.  However,  despite  the  statistically  significant  correlation  between  balance 
function  testing  and  perceived  dizziness  handicap,  more  than  77%  of  the  variance  in  self- 


13 


Computerized  Dynamic  Posturography 


assessed  dizziness  handicap  remained  unexplained.  Clearly,  well  designed  research  is 
required  in  this  area  to  establish  meaningful  outcome  measures. 

The  largest  study  (36)  in  which  measurements  of  CDP  were  used  to  determine  the 
benefits  of  VR  used  a  diverse  patient  population  with  wide  ranging  diagnoses  and 
variations  in  the  times  of  symptom  onset.  The  authors  note  that  the  site-of-lesion  or 
diagnostic  category  has  minimal  impact  on  outcomes  of  VR.  It  is  the  symptoms  that 
appear  to  be  more  important  than  the  diagnostic  category.  However,  Fabio  (9)  noted  that 
diagnostic  category  had  a  significant  influence  on  the  predictive  value  of  abnormal  results 
and  on  the  magnitude  of  the  effect  size  seen  with  CDP. 

The  clinical  utility  of  CDP  is  difficult  to  establish  through  research  for  several  reasons, 
one  of  which  is  that  there  is  no  gold  standard  for  comparison.  Mruzek  et  al.  (30) 
summarize  succinctly  the  difficulties  of  conducting  controlled  studies  for  various 
rehabilitation  programs  in  a  population  with  symptoms  of  dizziness  and  balance 
disorders.  Firstly,  since  vestibular  lesions  in  general  are  self  limiting,  it  is  difficult  to 
differentiate  between  the  recovery  that  occurs  spontaneously  and  the  recovery  that  occurs 
as  a  result  of  the  therapeutic  intervention.  Secondly,  not  only  do  patients  with  dizziness 
represent  a  wide  range  of  diagnoses,  but  the  duration,  severity,  and  frequency  of 
symptoms  vary  among  patients  with  the  same  diagnosis.  Thirdly,  the  nature  of  physical 
therapy  requires  support  and  encouragement  which  are  factors  that  may  mask  the  failures 
of  the  interventions  under  consideration.  Finally,  there  is  a  need  to  control  other  factors 
such  as  lifestyle,  activity  levels  and  home  and  family  support  networks  that  could 
confound  intervention  outcomes. 

Statements  on  status  of  the  technology 

In  searching  for  evidence  of  effectiveness  of  CDP  systems,  position  papers  and  consensus 
statements  were  located. 

The  1 992  report  of  the  Therapeutics  and  Technology  Assessment  Subcommittee  of  the 
American  Academy  of  Neurology  (44)  noted  that  "Posturography  is  a  technology  that  is 
still  evolving,  and  the  literature  that  addresses  the  usefulness  of  posturography  is  sparse. 
A  final  judgment  regarding  its  clinical  effectiveness  cannot  be  made  at  this  time."  The 
report  makes  specific  statements  in  relation  to  static  and  dynamic  posturography.  Based 
upon  class  III  evidence  (defined  as  evidence  provided  by  expert  opinion,  non-randomized 
historical  controls,  or  one  or  more  case  reports)  "dynamic  posturography  is  considered 
"promising"  for  use  in  specialized  environments  dedicated  to  the  analysis  and 
management  of  vestibular  dysfunction  (44)." 

The  report  states  that  there  is  potential  for  the  application  of  this  technology  in  the 
physical  therapy  community  but  it  is  still  investigational.  This  view  was  predicated  on  the 
fact  that  "no  documented  reports  are  available  regarding  the  use  of  dynamic 
posturography  by  physical  therapists.".  But,  in  the  experience  of  the  panelists 
".. .dynamic  posturography  can  be  used  to  some  benefit  in  designing  physical  therapy 
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regimens  for  patients  with  balance  disorders.  However,  the  ultimate  role  of  dynamic 
posturography  in  the  field  of  physical  therapy  is  yet  to  be  determined  (44)." 

The  American  Academy  of  Neurology  has  indicated  that  since  there  was  no  new 
scientific  evidence  available,  it  was  not  necessary  at  this  time  to  reassess  and  update  this 
position  on  dynamic  posturography  (Arciniega,  personal  communication,  1 997). 

The  American  Academy  of  Otolaryngology-Head  and  Neck  Surgery  issued  a  statement  of 
endorsement  in  April  1997:  "  Computerized  dynamic  platform  posturography  (CDPP)  is 
an  established  test  of  postural  stability.  Much  of  the  information  provided  by  CDPP  is 
unique,  particularly  because  the  data  are  quantitative.  CDPP  may  be  useful  in  the 
management  of  patients  with  symptoms  or  signs  of  chronic  balance  dysfunction  when 
combined  with  the  clinical  history,  physical  examination  and  data  from  other  vestibular 
tests.  Its  value  depends  on  patient  selection,  technical  performance  of  the  test  and 
interpretation  by  a  knowledgeable  clinician,  and  therefore  the  AAO-HNS  endorses  this 
modality  (1)."  This  statement,  however,  applies  to  the  diagnostic  use  of  CDPP  for 
vestibular  disorders. 

Conclusions 

Well  designed  studies  are  required  in  all  aspects  of  the  use  of  CDP  to  define  the  role  of 
this  technology  in  the  rehabilitation  community. 

The  reliability,  validity  and  responsiveness  of  the  CDP  systems  utilized  in  the  studies 
included  in  this  assessment  need  to  be  established  through  further  research.  NeuroCom 
International  Incorporated  have  developed  a  normative  database  for  all  their  systems.  It 
may  be  argued  that  the  gathering  of  values  for  this  database  was  an  exercise  that 
established  reliability  (Shepard,  personal  communication).  However,  there  is  some 
dispute  about  the  use  of  these  values  for  analysis  and  comparisons.  The  use  of  normative 
data  for  comparison  to  patients  with  vestibular  and/or  balance  deficits  is  another  area  that 
needs  to  be  resolved  through  further  research. 

In  considering  the  strength  of  the  evidence  based  on  type  of  design  and  scientific  rigor  of 
the  studies  presented  in  Table  2,  the  Jo  veil  and  Navarro-Rubio  classification  was  used 
(22).  According  to  this  classification,  the  strength  of  the  evidence  of  CDP  efficacy  ranges 
from  fair  to  poor  ("Fair"  relates  to  results  from  non-randomized  controlled  retrospective 
trials,  cohort  studies  and  case  control  studies;  "Poor"  refers  to  information  from  non- 
controlled  clinical  series,  descriptive  studies  and  consensus  methods). 

No  controlled  studies  were  found  and  the  research  design  of  the  studies  located  were 
weak.  Moreover,  there  were  no  studies  comparing  the  different  systems  available  to 
measure  dynamic  balance.  The  difficulties  of  conducting  controlled  studies  for  various 
rehabilitation  interventions  in  a  population  with  symptoms  of  dizziness  and  balance 
disorders,  as  noted  by  Mruzek,  (30)  means  that  researchers  will  continue  to  have 
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challenges  to  produce  the  evidence  needed  to  define  CDP  as  established  in  a 
rehabilitation  setting. 

From  the  information  available  for  this  assessment,  CDP  has  not  been  used  in  the 
amputee  population.  There  were  no  studies  found  specific  for  the  rehabilitation  of 
patients  with  brain  injur>'  using  this  technolog}".  Treating  traumatic  brain  mjur\'  patients 
with  dynamic  posturography  is  often  difficult  since  they  frequently  lack  the  cognitive 
abilities  necessan"  for  rehabilitative,  retraining  exercises  (Godbout,  personal 
communication).  As  for  stroke  patients,  there  are  few  studies  which  have  specificalh- 
focused  on  determining  the  efficacy  or  effectiveness  of  CPD  as  an  assessment  and 
monitoring  tool  in  their  treatment. 

The  EquiTest®  system  is  found  most  fi*equenth'  in  the  EXT  en\"ironment  and  not  in  the 
rehabilitation  department.  In  Alberta,  the  Rock>'\"iew  Hearing  and  Balance  Clinic  has  the 
EquiTest®  system  and  the  program  is  directed  by  an  EXT  specialist. 

At  the  two  centres  contacted  during  this  smdy  (Appendix  Cj  the  EquiTest®  was  used  as 
part  of  an  EXT  program.  The  majorit}-  of  the  patients  referred  had  peripheral  vestibular 
lesions.  Amputee  patients  ha\-e  not  been  referred  to  these  uvo  centres.  At  Centre  A.  the 
measures  pro\  ided  by  the  EquiTest®  are  considered  to  be  a  pivotal  component  for 
making  therapy  recommendations  in  27%  to  30%  of  patients. 

A  CDP  system  is  expensive  (11)  and  is  likely  to  be  only  available  in  centres  senicmg 
large  volumes  of  patients  with  equilibrium  and  postural  control  disorders.  Furthermore, 
there  are  special  training  requirements  necessar}"  for  operating  CDP  s>"stems.  A  two  year 
training  program  for  physical  therapists  is  recommended  (Appendix  C).  These  physical 
therapists  remain  dedicated  to  the  use  of  CDP  systems  in  order  to  maintain  their  expenise 
and  skills. 

Although  CDP  is  a  "promising"  technology  (44)  further  research  is  required.  Well 
designed  smdies  are  needed.  The  reliabilit>'  and  validit}"  of  data  generated  fi-om  CDP 
systems  need  to  be  determined  for  specific  diagnostic  groups.  The  technolog>-*s  most 
effective  use  or  deplo>Tnent  in  a  rehabilitation  program  needs  to  be  resoh  ed.  To  be  a 
clinically  useful  tool,  measurements  derived  fi-om  CDP  systems  should  be  correlated  with 
outcome  measures  related  to  the  patient's  qualit}-  of  life  and  functional  abilities. 

On  the  basis  of  the  information  available.  CDP  is  not  an  established  technolog}"  in  the 
rehabilitation  of  vestibular  and  or  balance  deficits  associated  with  stroke,  amputation  and 
brain  injur\\  Within  the  context  of  the  Alberta  health  care  system  it  should  be  regarded  as 
developmental.  Any  utilization  of  CDP  systems  should  be  linked  to  well-defined  data 
collection  protocols  which  include  functional  and  clinical  outcome  measurements,  and 
appropriate  patient  selection  criteria.  Before  it  is  considered  for  any  use,  research  or 
clinical,  its  reliabilit}-  and  validit\-  must  be  established  for  the  specific  patient  population 
of  interest  and  the  determination  of  the  relationship  of  these  measurements  to  the 
activities  of  daily  living. 
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Appendix  A  :  Methodology  for  literature  search 

The  following  search  strategy  was  employed  using  the  terms  "balance",  "equilibrium", 
"posture",  "posturography",  "platform  posturography",  "dynamic  posturography",  "dynamic 
platform  posturography",  "vestibular  rehabilitation",  "computed  posturography",  "equitest"  or 
"balance  master": 

•  references  from  MEDLINE  (1966-February  5,1998),  EMBASE  (1988-February  5,1998)  and 
CINAHL  (1982-December  1996)  that  mention  the  EquiTest  or  Balance  Master  technologies 

•  references  from  MEDLINE  and  EMBASE  using  the  search  term  "dynamic  platform 
posturography" 

•  other  databases  searched  AMED  (1985-February  5,1998)  AMA  CPGs,  CMA  CPGs,  DARE, 
NEED,  OCLC  WorldCat,  OCLC  PapersFirst,  Reuters  Health  Information  services  and 
HealthSTAR  (1975-February  5,1998) 

•  the  web  (using  AltaVista) 

A  number  of  search  strategies  were  employed  in  MEDLINE  including: 

1 .  (exp  cerebrovascular  disorders  or  exp  nervous  system  diseases  of  exp  head  injuries  or  exp 
amputees  or  exp  amputation)  and  (exp  dizziness  or  exp  equilibrium  or  exp  posture  or 
dizzS.tw.  or  balance. tw.  or  equilibrium.tw.  or  postur$.tw.)  and  (exp  rehabilitation  or  exp 
rehabilitation  centers) 

2.  (equitest  or  balance  master  or  neurocom).tw. 

3.  (dynamic  and  posturography $).tw. 

4.  (exp  dizziness  or  exp  equilibrium  or  exp  posture  or  dizz$.tw.  or  balance.tw.  or 
equilibrium.tw.  or  exp  postur$.tw.)  and  (frinctional  deficit$).tw. 


Selected  articles  on  studies  comparing  the  clinical  use  of  platform  posturography  to  alternative 
technologies,  reviews  and  position  papers  from  professional  organizations  were  retrieved.  Upon 
viewing  reference  lists  of  retrieved  studies  other  relevant  articles  were  selected.  Inclusion 
selection  criteria  were  as  follows:  it  must  be  a  clinical  study  and  the  technology  must  be  used  in  a 
rehabilitation  setting  either  for  retraining  or  monitoring  patients'  treatment  for  balance  disorders. 
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Appendix  B  :  Questionnaire  for  telephone  interview 
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Questionnaire  to  determine  the  usefulness  of 

Computerized  Dynamic  Posturography  Systems: 
Assessment  and  Monitoring  in  Rehabilitation 


/  Background 

Please  provide  a  general  description  of  your  program  including: 

La)    When  did  you  acquire  the  computerized  dynamic  posturography  system? 

Lb)    What  system,  hardware,  software  did  you  purchase? 

Lc)    Where  is  the  technology  located?  Physiotherapy  or  Rehabilitation 
Department?  Neurology,  ENT,  etc.? 

//       Operational  Issues 

ILa)  Who  is  (are)  the  source(s)  of  your  referrals?  ENTs,  neurologists,  etc.? 

ILb)  What  types  of  vestibular  disorders  and  other  categories  of  patients  (e.g. 
stroke)  are  referred? 

ILc)  In  your  centre,  how  many  patients  were  assessed  for  clinical  (non-research) 
purposes  with  this  technology  over  the  fiscal  year  1995/96  and/or  1996/97? 

Please  provide  a  breakdown  by  diagnosis,  age,  gender,  and  duration  of 
disease,  number  of  visits  or  treatments  and  length  of  treatment  time  from 
start  to  finish.  (Please  see  Table  ILc). 

Il.d)  What  are  the  annual  operational  costs  (including  costs  of  health  care 

professional  time,  maintenance  costs,  etc.)  for  this  technology?  Do  you  have 
an  estimate  of  cost  per  patient  visit?  If  yes,  please  list  the  cost  components. 

Il.e)  Using  percentages,  what  is  the  allocation  of  time,  over  a  year,  for  use  of  the 
dynamic  posturography  system: 

1)  for  research? 

2)  for  clinical  purposes  (e.g.  assessment/treatment)? 
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///      Clinical  Issues 

Ill.a)  How  long  does  the  initial  assessment  take?  What  are  the  components  of  the 
assessment? 

1)  who  performs  the  test  battery? 

2)  -        who  analyzes  the  results? 

Do  the  monitoring  evaluations  depend  on  the  disease  state  or  diagnosis  of 
the  patient?  Please  explain. 

Do  you  have  a  cut-off  point? 

How  long,  on  average,  are  patients  enrolled  in  the  program?  Please  list  the 
variables  which  affect  the  length  of  treatment. 

Ill.b)  What  expertise  or  training  is  required  for  the  rehabilitation  team  for  use  of 
the  dynamic  posturography  system? 

What  are  the  qualifications  of  the  members  on  this  core  group/team? 
Does  the  team  composition  vary  depending  on  the  type  of  patient  treated? 
How  is  the  competency  determined? 

III.c)  How  are  the  patients  selected  who  would  benefit  from  rehabilitation  therapy 
using  the  dynamic  posturography  system? 

What  criteria  are  used? 

Ill.d)  How  has  this  technology  changed  or  impacted  the  way  in  which  patients  are 
treated  by  physiotherapists  in  your  centre? 

How  were  these  patients  treated  before  the  technology  was  available? 

IlI.e)  What  are  the  patient  outcome  measures  (functional  or  quality  of  life) 

utilized  by  your  physiotherapy  department/service  to  monitor  treatment? 

Ill.f)  Is  this  technology  used  in  conjunction  with  other  tests? 

If  yes,  does  computerized  dynamic  posturography  provide  significant 
additional  information  regarding  treatment  and  management  of  patients  to 
warrants  its  expense?  Yes  /  No  Please  explain. 
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Appendix  C  :  Results  of  telephone  interview 

Telephone  interviews  were  undertaken  in  August,  1997.  Four  centres  in  Canada  and  two  in  the 
United  States  received  the  questions  in  advance  and  the  responses  were  obtained  during  a  follow 
up  telephone  interview.  Only  two  centres  (one  Canadian  and  one  in  the  USA)  were  able  to 
respond. 

Appendix  B  lists  the  questions  but  the  results  here  will  be  discussed  in  general  terms  under  the 
three  main  headings  of :  program  description,  operational  issues  and  clinical  issues. 

Program  description 

Both  programs  are  located  in  Ear,  Nose  and  Throat  (ENT)  Departments.  Centre  A  is  located  in  a 
tertiary  hospital  and  includes  physiotherapy  within  its  program.  At  Centre  B  the  CDP  system  is 
utilized  only  for  clinical  diagnosis  with  one  operator.  Both  Centres  purchased  the  technology  in 
the  mid  1 980s  and  have  made  some  minor  updates  to  the  system.  Both  centres  have  the 
EquiTest®  system. 

Operational  issues 

Both  centres  have  a  wide  source  of  referrals.  The  majority  of  patients  with  complaints  of 
dizziness,  balance  or  gait  disorders  are  referred  by  neurologists  and  ENT  specialists.  Both  centres 
also  see  patients  with  panic  and  anxiety  disorders.  Only  Centre  A  rehabilitates  patients  with 
stroke.  Amputee  patients  have  not  been  referred  to  either  centre. 

The  case  mix  at  Centre  B  is  40%  peripheral  vestibular,  30%  anxiety,  10%  CNS  and  20% 
unknown  with  a  two  to  one  ratio  of  female  patients.  The  age  group  varies  from  20  to  80  years  of 
age.  Between  500  to  560  tests  are  conducted  annually  with  a  professional  fee  of  $5,600.  The 
initial  capital  equipment  outlay  was  $109,000.  The  system  requires  minimal  maintenance,  only 
the  computer  has  been  upgraded.  It  is  used  95%)  of  the  time  for  clinical  purposes. 

At  Centre  A,  in  1995/96,  846  initial  assessments  of  balance  were  conducted  and  835  therapy 
visits.  In  1996/97  there  were  approximately  1000  initial  assessments  and  700  treatment 
monitoring  sessions.  60%  of  the  patients  had  peripheral  lesions,  14  to  20%  had  central  lesions 
and  20%  had  a  mix  of  peripheral  and  central  lesions.  For  4%  of  the  patients  the  only  abnormality 
was  CDP.  30%)  of  the  patients  were  older  that  65  years  of  age  and  less  than  2%  were  under  the 
age  of  20.  The  annual  budget  for  the  program  in  direct  costs  are  about  $600,000.  The  program  is 
headed  by  a  full  time  Director,  an  Associate  Director,  one  physiotherapist  and  two  technicians. 
The  annual  cost  of  equipment  and  supplies  in  relation  to  CDP  is  less  than  $300.  No  maintenance 
contract  is  necessary  but  the  force  transducers  need  to  be  replaced  occasionally  and  cost 
approximately  $1,300.  The  system  is  used  for  research  purposes  10  to  15  %>  of  the  time. 


32 


Computerized  Dynamic  Posturography 


Clinical  issues 

The  initial  assessment  at  Centre  B  takes  approximately  15  minutes.  Approximately  25%  of  the 
patients  require  follow-up  which  takes  about  the  same  amount  of  time. 

At  Centre  A,  general  selection  criteria  for  patients  are  used.  The  CTSIB  is  used  along  with  the 
patient's  specific  history  to  determine  if  CDP  is  necessary  to  be  a  part  of  the  formal  functional 
balance  assessment.  The  average  patient  who  is  enrolled  in  therapy  is  involved  in  an  8  to  10 
week  home  program.  Head  injury  patients  are  usually  involved  in  therapy  for  8  to  12  months. 

The  physiotherapists  at  Centre  A,  need  advanced  course  training  in  vestibular  rehabilitation  and 
have  to  be  active  in  that  specific  area  for  at  least  2  years. 

Outcome  measures  utilized  by  Centre  A  include  motion  sensitivity  quotient  (this  will  be 
validated  by  a  multicentre  trial),  walking  and  a  variety  of  quality  of  life  measures  such  as  the 
DHI,  symptom  scoring  scale  and  disability  scale. 

At  Centre  A  the  technology  is  used  in  conjunction  with  other  tests  for  approximately  35-40%  of 
all  of  the  assessments.  It  is  an  important  part  of  the  overall  patient  workup.  CDP  is  a  pivotal 
component  in  making  treatment  recommendations  for  approximately  27  to  30%  of  the  annual 
case  load.  CDP  is  not  used  for  treatment  (retraining),  only  for  assessment. 
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